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INTRODUCTION 

This  report  explores  the  noise  and  false  alarm  rate  (FAR)  characteristics  at  the  video 
output  of  square-law  envelope-detector  systems  preceded  by  RF  amplification.  The  analysis  is 
presented  from  a  “crest  factor”  point  of  view;  i.e.,  the  relationship  between  the  peaks  and 
root-mean-square  (RMS)  levels  of  the  noise  present  at  the  video  output.  This  relationship 
should  be  especially  useful  for  those  working  with  FAR  statistics  if  one  explores  the  following 
question:  Given  an  RMS  level  of  noise,  what  is  the  signal  threshold  voltage  necessary  to 
produce  the  desired  FAR  at  the  threshold  detector  output? 

Two  types  of  noise  are  present  in  the  envelope  detector  system  described  above.  The  first 
type  is  the  noise  contributed  by  the  detector  and  video  amplifiers.  This  type  of  noise  is  present 
at  the  video  output  with  no  RF  amplification  and  is  primarily  Gaussian  in  natu.e.  The  second 
type  of  noise  present  is  that  contributed  by  the  RF  electronics,  such  as  mixers,  local  oscillators 
(LOs),  and  RF  amplifiers.  The  characteristics  of  this  type  of  noise  can  be  considerably 
different  than  those  of  the  first  type  because  the  noise  is  essentially  detected  leceiver  noise 
The  detected  receiver  noise  characteristics  are  primarily  determined  by  several  variables:  the 
transfer  function  of  the  detector  (square-law  or  linear),  the  RF  bandwidth,  and  the  video 
bandwidth. 

This  report  will  also  cover  two  types  of  video  amplification  following  the  detector.  The 
first  type  is  simple  linear  amplification.  This  discussion  will  give  the  reader  some  valuable 
insight  into  what  happens  to  the  video  output  noise  characteristics  when  the  receiver  noise 
passes  through  the  detector.  The  second  type  of  video  amplification  considered  is  logarithmic 
amplification.  Logarithmic  amplification  will  be  considered  because  logarithmic  amplifiers 
are  widely  used  as  compressive  elements  in  radar  and  electronic  warfare  (EW)  receivers. 

No  attempt  is  made  to  actually  formulate  an  equation  to  predict  the  threshold  voltage 
necessary  for  a  given  FAR  and  receiver  configuration.  Instead,  an  attempt  is  made  through 
discussion  and  test  data  to  give  the  reader  an  understanding  of  how  the  video  noise  changes  in 
nature  when  the  receiver  contributes  noise  at  the  video  output. 


THRESHOLD  DETECTION  SYSTEM 


Threshold  detection  is  used  because  of  the  reai-time  considerations  necessary  for  an  EW 
or  radar  receiver  system.  Once  a  threshold  indication  is  given,  signal  processing  takes  place 
immediately.  For  example,  if  the  radar  pulse  is  very  narrow,  the  pulse  may  have  to  be 
“captured”  by  lollow-and-hold  action  before  it  can  be  digitized  by  an  analog-to-digital  (A/D) 
converter. 
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The  proper  threshold  voltage  is  a  compromise  in  sensitivity  between  the  importance 
either  of  the  circuit  failing  to  recognize  a  signal  that  is  present  or  to  falsely  indicate  the 
presence  of  a  signal  when  none  exists.  This  latter  situation  is  referred  to  as  a  false  alarm 
detection.  To  achieve  the  best  sensitivity  possible  for  a  given  system,  the  FAR  must  b**  set  as 
high  as  possible.  This  setting  is  minimally  an  order  of  magnitude  less  than  the  minimum  signal 
pulse  repetition  frequency  (PRF).  The  tradeoffs  between  too  high  and  too  low  a  signal 
threshold  voltage  can  be  summarized  as  follows: 

1.  Signal  threshold  voltage  set  too  high; 

a.  Loss  of  sensitivity. 

b.  Loss  of  dynamic  range. 

2.  Signal  threshold  voltage  set  too  low; 

a.  Excessive  FAR. 

b.  Possible  saturation  of  signal  processing  circuits. 

Figure  1  shows  a  basic  threshold-detection  circuit.  Threshold  detection  is  based  upon 
establishing  a  threshold  voltage  at  the  video  output  of  a  radar  or  EW  receiver.  If  the  video 
output  exceeds  the  threshold  voltage,  a  signal  is  assumed  to  be  present. 

Figure  2  is  an  oscilloscope  display  showing  a  video  pulse,  a  signal  threshold  voltage  level, 
and  the  output  of  a  comparator  indicating  a  threshold  detection. 
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Threshold  Voltafle 


Video  Output 


Comparator  Output 


FIGURE  2.  Video  Output,  Signal  Threshold  Voltage,  and  Comparator 
Output.  Scale  for  threshold  voltage  and  video  output  =  500mV/division; 
comparator  output  =  5  V/division. 


SQUARE-LAW  ENVELOPE  DETECTION  SYSTEM 

Figure  3  shows  an  envelope  detector  system  preceded  by  RF  amplification.  Generally, 
the  sensitivity  of  the  system  increases  with  increasing  RF  gain,  Gw*,  until  the  internal  RF  noise, 
PNRF,  is  of  the  same  magnitude  as  the  signal  power,  PSig.  At  this  point,  Pn»f  is  contributing  noise 
at  the  output  of  the  video  amplifier.  The  nature  of  the  noise  at  V0tn-  (spectral  and  amplitude 
distribution)  then  changes  (Reference  1). 

The  total  noise  at  Vm.rr  is  due  to  three  sources: 

1.  The  detector  diode  and  video  amplifiers  (Vnv). 

2.  The  detector  acts  as  a  mixer  in  that  the  receiver  noise  mixes  with  itself  in  the  detector 
(Pnbf) 

3.  The  mixing  of  the  actual  signal  with  receiver  noise  in  the  detector  (PSio  and  Pnbf). 

The  subsequent  sections  discuss  the  nature  of  the  noire  contributed  by  the  first  two 
sources. 

What  can  be  gained  from  learning  about  the  nature  of  the  noise  a  t  the  video  output?  This 
question  can  be  answered  more  readily  by  looking  at  the  sensitivity  versus  RF  gain  data  of  an 
actual  envelope  detector  system  as  shown  in  Figure  4. 
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Pnrf  RF  Amplifier  VNV 


Center  Frequency  =  fc 
Bandwidth  =  BWrf 


Video  Amplifier 
(Linear  or  Logarithmic) 


FIGURE  3  Square-!  aw  Envelope  Detector  With  RF  Preamplification. 


Variable  Gain 
RF  Amplifier 
Gain  =  Grf 


Detector 

(Square-law) 


SIG 


out 


Center  Frequency  =  fc 
FIGURE  4.  Square-Law  Envelope  Detector  With  RF  Prearuplification. 


Video  Amplifier 
(Logarithmic) 


The  characteristics  01  the  envelope  detector  system  used  to  obtain  the  sensitivity-versus 
RF-gain  test  data  to  follow  are 


1.  Noise  figure  of  RF  amplifier  =  2.3  dB. 

2.  Center  frequency  >  RF  bandwidth. 


3.  Detector  type:  tunnel  diode. 
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4.  Post  amplification:  logarithmic 

5.  Video  bandwidth  «  10.0  MHz. 

6.  Sensitivity  With  no  RF  preamplification  ■»  -38  dBm  (decibels  above  o.  below  1 
milliwatt). 

The  sensitivity-versus-RF-gain  test  of  the  Figure  4  envelope  detector  system  was 
performed  using  the  following  steps: 

1.  Set  the  receiver  for  the  desired  gain. 


1  With  no  signal  input  present,  adjust  the  signal  threshold  voltage,  VSIGTHr,  to  give  a 
FAR  of  about  100  Hz.  Measure  and  record  the  FAR  and  VSIGTra,. 

3.  Feed  a  2-kHz,  500-ns  pulse  signal  into  the  RF  input  and  adjust  the  signal  power  level 
to  give  a  comparator  output  count  of  80%  of  2  kHz  (1.6  kHz).  Record  the  power  level. 

4.  Repeat  for  all  gain  settings. 

Figures  5  and  6  are  the  test  results  of  the  sensitivity-versus-RF-gain  test  performed  on  the 
Figure  4  enveiope-detector  system.  The  test  data  are  taken  across  the  available  gam  control 
region  in  0.5-dB  increments.  For  each  gain  setting,  the  RMS  noise  level,  FAR,  VSIOTMR,  and 
sensitivity  were  recorded.  The  target  parameters  used  were  (1)  pulse  width  *  500  ns;  (2) 
PRF  -  10  kHz. 


RMS  NOISE  LEVEL  AND  FAR  VS.  RF  GAIN 
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FIGURE  5.  RMS  Noise  Level  and  FAR  Vcraus  RF  Gain. 
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V3IGTHR  RND  SENSITIVITY  VS.  RF  GRIN 
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FIGURE  6.  Signal  Threshold  Voltage  and  Sensitivity  Versus  RF  Gain 


ADAPTIVE  SIGNAL  THRESHOLD 


If  the  system  designer  is  trying  tc  obtain  the  best  sensitivity  possible,  the  RF  gain  must  be 
set  at  a  level  at  which  the  video  output  noise  is  largely  made  up  of  noise  contributed  by  the 
receiver.  If  the  RF  gain  were  to  deviate  from  this  gain  setting  due  to  time,  temperature,  or  the 
implementation  of  an  automatic  gain  control  (AGC)  loop,  and  the  signal  threshold  voltage 
were  fixed,  two  possible  consequences  could  occur;  either  a  loss  of  sensitivity  in  the  case  of 
decreased  gain  or  an  intolerable  increase  in  the  FAR  for  an  increase  in  gain.  These  two 
problems  dictate  the  need  for  some  kind  of  adaptive  signal  threshold  if  the  best  sensitivity  is  to 
be  gained  from  a  given  system. 

Figure  7  is  a  proposed  adaptive  signal  threshold  circuit.  The  video  output  is  fed  to  the 
input  of  the  signal  threshold  comparator  and  the  input  of  a  device  that  measures  the  true  RMS 
level  of  the  noise  only.  The  true  RMS  level  is  then  in1  iltiplied  by  a  DC  gain  term  to  set  the  signal 
threshold  voltage.  Under  what  conditions,  i£  any,  will  the  proposed  adaptive  signal  threshold 
yield  a  constant  FAR,  and  what  is  the  value  of  K  needed  for  a  given  type  of  input  noise?  This 
report  will  attempt  to  answer  these  two  important  questions. 
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VIDEO  OR  POST-DETECTION  NOISE  CHARACTERISTICS 


Figure  8  shows  a  detector  stage  followed  by  linear  gain.  Assuming  that  no  signal  or  noise 
is  present  at  the  detector  input,  the  noise  at  the  video  output  is  contributed  solely  by  the 
detector  diode  and  the  video  amplifiers.  This  noise  is  commonly  referred  to  as  video  or 
post-detection  noise. 


The  amplitude  distribution  of  this  noise  is  approximately  Gaussian  and  has  an  upper 
frequency  distribution  approximately  equal  to  the  upper  limit  of  the  video-chain  frequency 
response.  Assuming  a  constant  spectral  distribution  versus  amplitude,  the  ratio  of  the  signal 
threshold  yoitage  to  the  RMS  noise  level  for  a  fixed  FAR  is  always  a  constant.  Therefore,  if  this 
fixed  constant  and  the  RMS  noise  level  were  known,  we  would  know  at  what  level  to  set  the 
signal  threshold  voltage  for  a  constant  FAR. 

Figure  9  is  the  frequency  spectrum  of  the  post-detection  noise.  The  3-dB  cutoif 
frequency,  fH,  of  the  spectrum  is  approximately  equal  to  the  video  bandwidth  of  the  detector 
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FIGURE  9.  Frequency  Spectrum  of  Post-Detection  Noise. 

linear-amplifier  chain.  For  a  single-pole  rolloff  this  quantity  can  be  measured  by  feeding  a 
pulsed  RF  input  to  the  detector  and  measuring  the  rise  time  at  the  video  output.  (This 
procedure  assumes  that  the  RF  input  pulse  rise  time  is  much  greater  than  the  video 
bandwidth.)  The  video  bandwidth  is  then  BWV  -«  0.35/tr,  where  tr  is  the  10  to  90%  rise  time  of 
the  video  output.  Appendix  A  describes  two  methods  of  determining  the  video  bandwidth  of  a 
detector-video-amplifier  chain. 

The  amplitude  distribution  is  normally  the  most  important  parameter  to  be  considered, 
since  we  are  interested  in  the  peaks  of  the  noise  as  a  function  of  the  RMS  level  of  the  noise. 
Figure  10  shows  the  amplitude  probability-density  function  of  post-detection  noise,  assuming 
a  normal  or  Gaussian  distribution.  The  amplitude  density  function  is  Gaussian  with  positive 
and  negative  amplitudes  equally  probable  when  a  •  0  (equivalent  to  AC-coupled  noise).  We 
will  fi  id  that  detected  receiver  noise  can  have  very  different  properties  than  post-detection 
noise. 


FIGURE  10.  Density  Function  for  Post-Detection  Noise. 
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TEST  DATA  FOR  POST-DETECTION  NOISE 

If  we  were  to  plot  FARN,  the  normalized  FAR,  as  a  function  of  sigma  ratio,  where  FARN 
and  the  sigma  ratio  are  given  by 

FARn  =  FAR/FAIW 
Sigma  ratio  =  VsiaTHJt/vRMS 

where  FARi^is  the  maximum  FAR  measured,  we  would  find  that  the  curve  is  also  Gaussian- 
shaped  if  the  noise  is  Gaussian  in  nature.  F  AR«ax  occurs  at  about  Vs,on«  *  0  volts  when  the 
noise  is  AC-coupled  into  the  comparator.  The  maximum  FAR  is  a  complex  function  of  the 
spectral  content  of  the  noise  itself  and  the  frequency  limitations  of  the  comparator  and  test 
equipment  used  to  measure  the  FAR.  VgMS  is  the  true  RMS  noise  level. 

Figure  11  shows  the  FAR  distribution  measurement  test  setup  and  Figures  12  through  19 
show  the  actual  test  data  for  several  cases  of  noise  bandwidth  using  a  low-frequency  noise 
source  followed  with  an  adjustable  single-pole,  low-pass  filter.  The  top  figure  for  each  case 
shows  the  spectral  content  of  the  noise  at  the  comparator  input  while  the  bottom  figure  for 
each  case  shows  tire  normalized  FAR  distribution  versus  the  sigma  ratio.  The  normalized 


FIGURE  1L  FAR  Distribution  Measurement  Test  Setup. 
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AMPLITUDE  VS.  FREQUENCY 
3DB  freu-  te.aee  hhz 

REF •>  -33  GSM  RBW-  3P0t30  HZ  VBW-  30  HZ 


FIGURE  12  Jpn.ii  a!  Dauilmuuii  iOi  Gauaiiaii  NuiSC 
Source;  J  dB  None  Bandwidth  ■  163  MHz. 


NORMALIZED  FHR  DISTRIBUTION  VS  SIGMA  RATIO 


SIGMfl  PFlTIO- THRESH  OLD  VOLTAGE  -KMS  NOISE 


FIGURE  13.  FAR  Distribution  for  Gaussian  Noise 
Source;  FAR^ax  “  9.9  MHz. 
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AMPLITUDE  VS.  FREQUENCY 


FIGURE  14.  Spectral  Distribution  for  Gaussian  Noise 
Source:  3  dB  Noise  Bandwidth  **  LS9  MHz. 


NORMALIZED  FRR  DISTRIBUTION  VS  5IGMR  RATI 


stdnfl  RATIO- THRESH  OLD  VOLTAGE -'RMS  NOISE 


FIGURE  15.  FAR  Distribution  for  Gaussian  Noise 
Source;  FARmax  ”  3.04  MHz. 
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AMPLITUDE  VS.  FREQUENCY 


FIGURE  16.  Spectral  Distribution  for  Gaussian  Noise 
Source;  3  dB  Noise  Bandwid'h  -  139  -Hz. 


NORMALIZED  FAR  DISTRIBUTION  VS  SIGlifl  RATIO 
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RMPLITUDE  VS.  FREQUENCY 


FIGURE  18.  Spectral  Distribution  for  Gaussian  Noise 
Source;  3  dB  Noise  Bandwidth  “  72.7  kHz. 


NORMALIZED  FAR  DISTRIBUTION  VS  5IGMR  RATIO 
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SIGHR  PATIO-THRESHOLD  VCLTHGC''Krt5  NOISE 

FIGURE  19.  FAR  Distribution  for  Gausu.au  Noise 
Source;  FAR^^x  “  747  kHz. 
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FAR  distribution,  FARN,  is  plotted  on  a  logarithmic  scale  because  of  the  very  wide  dynamic 
range  of  FARs  measured.  Figure  20  shows  *he  detector  video  amplifier  chain  designed  by 
Richard  S.  Hughes  of  3STWC  to  replace  the  Micronetics  noise  source  and  low-pass  filter  of 
Figure  11.  The  spectral  and  FAR  distribution  for  the  output  of  the  NWC-designed  detector 
video-amplifier  chain  (with  linear  post-amplification)  is  given  in  Figures  21  and  22.  Note  that 
the  detector  video  amplifier  normalized  FAR  distribution  follows  the  same  normalized  FAR 
distribution  as  the  Gaussian  noise  source.  The  most  important  aspect  of  the  FAR  distribution 
plots  is  the  common  shape  of  the  curve  regardless  of  the  noise  bandwidth. 


DETECTED  NOISE  CHARACTERISTICS  WITH 
LINEAR  POST-AMPLIFICATION 


Figure  23  shows  a  detector  stage  preceded  by  RF  amplification  with  an  RF  bandwidth- 
limiting  filter  and  linear  post-detection  amplification.  The  detected  noise  present  at  the  video 


output  is  due  to  the  internal  broadband  noise  of  the  RF  amplifier  and  preceding  components 
(i.c.  mixers,  LOs,  etc.)  mixing  wiui  itself  in  the  uetcCtOr  (Reference  1).  Fuf  relatively  low  RF 


gains,  this  noise  is  negligible  with  respect  to  the  post-detection  noise. 


Detector  Stage 
(Tunnel  Diode) 
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RMPLITUDE  VS.  FREQUENCY 


FIGURE  2L  Spectral  Distribution  for  Poet-Detection 
None  (unear  output);  3  da  Koae  Bandwidth  >-  9.8 1 
MHz. 


NORMALIZED  FAR  DISTRIBUTION  VS  SIGMR  RATIO 


stone  r  or  i  o*  thresh  old  voltage/*  ns  noise 


FIGURE  22.  FAR  Distribution  for  Post-Detection  Noise 
(Linear  Output);  FARmax  “  6.62  MHz. 
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RF 

Input 


FIGURE  23.  Envelope  Detector  System  With  RF  PreampliScatioa 

Figure  24  shows  the  center  frequency  of  the  frequency  spectrum  of  the  noise  at  the  input 
and  output  of  the  detector.  Assume  that  the  bandpass  filter  is  much  greater  than  the 
bandwidth  of  the  bandpass  filter.  For  any  given  BWEP,  the  detector  output  will  have  a  noise 
spectrum  of  iBWRF*. 


FIGURE  24.  Frequency  Spectrum  of  RF  and  Detected  RF  Noise. 


The  detected  noise  characteristics  at  the  video  output  are  dependent  on  BWgp,  the 
characteristics  of  the  detector  (i.e.,  linear  or  square-law),  and  the  bandwidth  of  the  detector 
and  video  stage. 

*  For  simplicity,  we  will  equate  the  RF  noise  bandwidth  to  the  3-dB  bandwidth.  Many  authors  refer  to  an  equivalent  noise 
bandwidth.  See  Reference  2  for  a  discussion  of  equivalent  noise  bandwidth. 


RF  Amplifer 
Gain  =  Grf 


Detector  Stage  Linear  Gain 


Video 

Output 


Center  Frequency  =  fc 
Bandwidth  =  8W«f 


Video  Bandwidth  of  Video 
Chain  =  BWv 
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The  most  important  factor  determining  the  noise  characteristics  at  the  video  output  is 
the  ratio  of  the  RF  bandwidth  to  the  video  bandwidth.  Throughout  this  report,  we  will  refer  to 
this  ratio  as  the  RF-to- video  bandwidth  ratio.  In  equation  form  this  becomes 

RF  to- video  bandwidth  ratio  =■  (BWRF/BWV) 

For  optimum  sensitivity,  this  ratio  is  chosen  to  be  equal  to  2.0  to  meet  matched  filter  criteria. 
However,  for  various  reasons,  this  is  seldom  the  case.  For  example,  many  EW  systems  have  a 
wide  RF  bandwidth  for  large  frequency  coverage,  so  that  they  have  a  higher  probability  of 
acquiring  a  target  of  an  unknown  frequency.  On  the  other  hand,  systems  may  need  a  narrow 
RF  bandwidth  to  filter  out  unwanted  targets  in  a  dense  RF  environment. 

The  reason  that  this  ratio  is  so  important  can  be  seen  by  analyzing  Figure  25,  which 
shows  the  noise  at  the  output  of  the  bandpass  filter.  The  noise  can  resemble  a  sine  wave 
oscillating  at  a  frequency  of  fc,  the  center  frequency  of  the  bandpass  filter.  The  sine  wave’s 
amplitude  and  phase  vary  at  a  rate  determined  by  the  bandpass  filter’s  bandwidth.  Schwartz* 
found  that  the  envelope  of  this  noise  follows  Rayleigh  rather  than  Gaussian  statistics.  If  the 
video  bandwidth  is  great  enough  to  pass  all  the  components  of  this  envelope,  then  the  noise  at 
the  video  output  will  also  follow  Rayleigh  statistics.  Similarly,  the  FAR  distribution  will  also 
follow  Rayleigh  statistics. 


Envelop*  of  nol«*  with  Rayleigh  Statistic* 


High  fr*qu*noy  noia*  oscillating  at  fe 

FIGURE  25.  Noise  at  Outpi  of  Nairow-Band  Filter. 

(Extracted  from  Reference  3). 


*  Schwartz  (Reference  3,  pp.  363-369)  discusses  a  mathematical  model  for  narrow-band  noise  from  which  the  above 
discussion  was  taken. 
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Figure  26  shows  the  detector  output-noise  spectrum  and  two  special  cases  of  relative 
video  bandwidth.  The  case  of  BWV  >  BWRF  will  produce  video  noise  that  will  be  highly 
Rayleigh-distributed.  The  case  of  BWV  ►  BWw  will  produce  video  noise  that  is  Gaussian- 
distributed.  It  follows  that  the  FAR  distribution  will  also  follow  this  same  behavior.  The  next 
section  contains  test  data  for  the  FAR  distribution  of  several  cases  of  BWKF/BWV. 


FIGURE  26.  Spectrum  of  Detected  RF  Noise  and  Video  Bandwidth. 


TEST  DATA  FOR  DETECTED  NOISE 

This  section  contains  FAR  distribution  data  for  detected  noise.  Figure  27  shows  the 
specialized  case  of  feeding  a  broadband  noise  source  that  covers  the  entire  video  and  RF 
spectrum  directly  into  the  detector.  The  noise  produced  for  this  case  is  still  very  Gaussian, 
indicating  that  the  Rayleigh  distribution  is  caused  by  the  detector  shifting  the  RF  noise 
spectrum  down  to  DC. 

The  FAR  distribution  data  for  several  values  of  (BW,P/BWV)  are  given  in  this  section. 
Figure  28  show  the  FAR  distribution  data  for  the  case  where  BWRF/BWV  =  450.  Even  for  this 
ratio,  the  video  output  contains  noise  that  is  partially  Rayleigh-distributed.  As  BW„F/BWV 
decreases  (Figures  29  through  33),  the  FAR  distribution  becomes  increasingly  asymmetrical 
around  the  average  value  (0  volts)  and  follows  a  Rayleigh-type  distribution.  For  all  tests 
performed,  the  RF  gain  of  the  test  receiver  was  set  to  a  level  such  that  the  video  output  noise 
increased  by  a  factor  of  at  least  5.  This  setting  was  made  to  ensure  that  the  video  output  noise 
was  predominantly  detected  receiver  noise. 
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NORMALIZED  EAR  DISTRIBUTION  VS  SIGMA  RATIO 


FIGURE  27.  FAR  Distribution  for  Broadband  Noise 
Source  Fed  Directly  Into  the  Detector. 


NORMALIZED  TAR  DISTRIBUTION  VS  SIGMA  RATIO 


■3I0MB  RATIO- THRESHOLD  VOLTAGE- 'RMS  N015E 
FIGURE  28.  FAR  Distribution  for  BWjp/BWy  =  450. 
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NORMALIZED  FAR  DISTRIBUTION  VS  SIGMfl  RATIO 


SIGMA  RATIO- THRESHOLD  VOLTAGE/* MS  NOISE 
FIGURE  29.  FAR  Uatnbuuon  tor  BWu>/BWv  =  75. 


NORMALIZED  FAR  DISTRIBUTION  VS  SIGMA  RATIO 


■4  -2  1 3  "2 4  “5  8  IS  12  1 4  FSiTTa 

SIGMA  RATIO-  THRESHOLD  VOLTAGE -'RMS  NOISE 

FIGURE  30.  FAR  Dacributicn  for  BW^/BV/y  =  25. 
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NORMALIZED  FAR  DISTRIBUTION  VS  SIGMA  RATIO 


FIGURE  33.  FAR  Distribution  for  BWU/BWV  m  0.03. 

Figures  32  and  33  show  that  for  BWw/BWv  <  1,  the  video  output  noise  is  highly 
Rayleigh-distributed.  Observe  the  linear  portion  of  the  FAR  distribution  for  noise  that  is 
heavily  Rayleigh-distributed.  Since  the  FAR  is  plotted  on  a  logarithmic  scale,  this  plot 
indicates  the  raw  FAR  to  be  exponentially  distributed.  Rayleigh  distribution  is  sometimes 
referred  to  as  exponential  distribution. 


LINEAR  FuS'l-AMPUfitAlIUN  SUMMARY 

The  previous  sections  have  attempted  to  describe  the  noise  characteristics  at  the  video 
output  of  a  square-law  envelope-detector  system  preceded  by  RF  amplification.  Post¬ 
detection  noise  is  Gaussian  in  nature  and  has  it  origins  in  the  detector  and  video  amplifiers. 
Post-detection  noise  is  the  type  of  noise  that  occurs  with  no  RF  preamplification  present. 
When  sufficient  RF  preamplification  is  present,  receiver  noise  from  the  RF  electronics 
contributes  noise  at  the  video  output.  Depending  upon  the  video  and  RF  bandwidths,  this 
detected  noise  can  vary  from  Gaussian  to  Rayleigh  in  nature.  Appendix  6  gives  a  simple 
technique  that  used  an  oscilloscope  to  determine  the  extent  of  Rayleigh  distribution  at  the 
video  output  of  an  envelope  detector  system. 

In  summary,  the  amount  of  “Rayleighness”  of  the  noise  at  the  video  output  contributed 
by  the  receiver  is  a  strong  function  of  the  ratio  of  the  RF  bandwidth  to  the  video  bandwidth. 
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The  smaller  this  ratio,  the  more  Rayleigh-distributed  is  the  noise  at  the  video  output.  Table  1 
shows  the  positive  and  negative  sigma  ratios  (Vsiotki/V*^)  necessary  to  decrease  the 
normalized  FAR  ratio  (FAR/FAR^ax)  by  a  factor  of  10*.  For  Gaussian  noise,  this  ratio  is 
approximately  equal  to  5.2  For  very  low  BWRP/BWV)  this  ratio  increases  to  approximately  14.5. 


TABLE  1.  Sigma  Ratios  for  Various  Values  of  BWgy/BWy 


BW^/BWy 

Sigma  ratios  for  FAR/FAR«ax  =  10"* 

Positive  sigma  ratio 

Negative  sigma  ratio 

Gaussian  noise 

5.2 

-5.2 

450 

6.2 

-4.4 

75 

8.0 

-3.8 

25 

7.7 

4 

1L4 

-2.0 

0.6 

14.1 

-L7 

0.03 

14.5 

-L8 

Of  particular  interest  is  how  quickly  the  transition  from  Gaussian  to  Rayleigh  takes 
place.  The  transition  is  almost  fully  complete  before  the  true  RMS  level  of  the  noise  doubles. 
This  characteristic  makes  the  transition  very  hard  to  handle  if  a  constant  FAR  is  to  be 
obtained  over  this  transition  region.  Figures  34  through  37  show  the  normalized  FAR 


NORMALIZED  FAR  DISTRIBUTION  VS  SIGMR  PATIO 


SlfJMFI  RRTIO* THRESHOLD  V0LTRGE'-RH5  N0I5E 


FIGURE  34.  FAR  Distribution  With  No  RF  Gain; 
Vrms  =  27.8  mV. 
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NORMALIZED  FAR  DISTRIBUTION  VS  SIGMA  RATIO 
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FIGURE  35.  FAR  Distribution  for  44.5  dB  RF  Gain; 
Vmj  *  29-5  mV. 


IORMALIZED  FAR  DISTRIBUTION  VS  SIGMA  RATIO 


SIGMA  RATIO- THRESHOLD  VOLTA<3E'RHS  NOISE 

FIGURE  36-  FAR  Distribution  fcr  49.5  dB  RF  Gain; 
Vims  *  35.8  mV. 
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NORMALIZED  FAR  DISTRIBUTION  VS  SIGMA  RATIO 


FIGURE  37.  FAR  Distribution  for  53.5  dB  RF  Gain; 
Vrms  =  54.5  mV. 


distribution  for  B  wRF/B  wv  -  4  for  various  RF  gains  and  corresponding  RMS  noise  levels  as 
the  linear  output  transitions  from  Gaussian  to  Rayleigh  distribution. 

Referring  once  again  to  the  adaptive  signal  threshold  proposed  in  the  introduction  and 
shown  ear'.'er  in  Figure  7,  suppose  we  wanted  to  maintain  a  FAR  of  about  10  Hz.  What  value  of 
K  is  needed  to  maintain  this  FAR  at  the  linear  output  of  an  envelope  detector  system? 

Table  2  shows  the  test  data  (BWV  «  10.0  MHz  and  BW„  »  40  MHz)  for  the  positive 
sigma  ratios  necessary  to  maintain  a  FAR  of  approximately  10  Kz  as  a  function  of  the 
video  output  RMS-ncse  level.  The  value  is  constant  for  the  case  of  post-detection  noise  only. 
The  value  is  also  constant  when  the  detected  noise  starts  to  dominate. 


NOISE  CHARACTERISTICS  WITH  LOGARITHMIC  POST-AMPLIFICATION 


Figure.  38  shows  the  envelope  detector  system  discussed  previously  except  with  logarith¬ 
mic  instead  ot  !i<  car  po3t-amplification.  This  figure  shows  a  typical  EW  system  in  which  the 
logarithmic  amplifier  compresses  the  wide  dynamic  range  of  signals  from  the  detector. 
Usually,  the  logarithmic  amplifier  is  a  piecewise  approximation  of  a  true  logarithmic  transfer 
function  (Reference  4). 
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TABLE  Z  Positive  Sigma  Ratios  of  FAR  ■  10  Hz 
for  Various  RMS  Noise  Level*  (Linear  Output). 


RMS  noise  level,  mV 

Value  of  K  for  FAR  -  10  Hz. 

27 2 

4.73 

28.5 

4.88 

29.5 

5.65 

3Z3 

6.91 

35.8 

812 

4Z3 

876 

54.5 

9.82 

63.1 

10.21 

70-200 

187-11 
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Although  the  logarithmic  transfer  function  is  invaluable  for  compressing  the  dynamic 
range  of  the  detector  output,  it  further  complicates  the  nature  of  the  noise  at  the  video  output. 
Not  only  is  the  amplitude  distribution  of  the  noise  at  the  video  output  dependent  on  the 
relative  amounts  of  post-detection  and  detected  noise,  but  also  upon  the  magnitude  cf  the 
noise  entering  the  logarithmic  amplifier.  Since  the  gain  for  a  high-level  signal  is  less  than  that 
of  a  low-level  signal,  we  can  expect  the  peaks  of  the  noise  to  be  compressed  more  than  the  RMS 
level  of  the  noise.  Therefore,  the  crest  factor  (peak-to-RMS  ratio)  will  decrease  with  increasing 
signal  level. 

Note  the  region  of  linear  gain  in  the  lower  portion  of  the  practical  logarithmic  transfer 
function  of  Figure  38.  For  low  noise  or  signal  levels,  the  logarithmic  amplifier  will  behave  as  if 
it  were  a  linear  amplifier.  Therefore,  the  noise  characteristics  for  noise  levels  in  this  region  will 
be  the  same  as  those  discussed  in  the  previous  section  for  the  case  of  linear  post-amplification. 

As  the  noise  at  the  input  of  the  logarithmic  amplifier  increases,  the  peaks  of  the  noise 
become  compressed  at  a  much  greater  rate  than  the  effective  RMS  level  of  the  noise. 

In  summary,  four  possible  types  of  amplitude  and  FAR  distributions  can  be  present  at 
the  output  of  a  detector  logarithmic  amplifier  preceded  by  RF  amplication.  These  four 

Hir*riKnt«nnr  nro 
Ulw'UU/UUVIU  u»v 

1.  Gaussian.  If  the  linear-logarithmic  transition  input  of  the  logarithmic  amplifier  has 
not  been  reached  and  detected  noise  is  not  present,  then  the  amplitude  and  FAR 
characteristics  will  be  Gaussian-distributed. 

2.  Compressed  Gaussian.  If  the  linear-logarithmic  transition  input  of  the  logarithmic 
amplifier  has  been  reached  and  no  detected  noise  is  present,  then  the  amplitude  and  FAR 
distribution  will  be  what  can  be  termed  a  “compressed"  Gaussian  distribution.  The  actual 
distribution  will  be  dependent  on  the  compression  characteristics  of  the  logarithmic  amplifier. 

3.  Rayleigh.  If  detected  noise  is  present  and  the  linear-logarithmic  transition  input  has 
not  been  reached,  then  the  amplitude  and  FAR  distribution  will  be  Rayleigh-distributed.  The 
actual  distribution  will  be  dependent  upon  the  RF-to-video  bandwidth  ratio  as  discussed  in 
the  previous  section. 

4.  Compressed  Rayleigh.  If  detected  noise  is  present  and  the  linear-logarithmic 
transition  input  has  been  reached,  then  amplitude  and  FAR  distribution  will  be  a 
“compressed”  Rayleigh  distribution.  The  actual  distribution  will  be  dependent  on  the 
compression  characteristics  of  the  logarithmic  amplifier  and  also  the  RF-to-video  bandwidth 
ratio. 


The  next  section  contains  actual  test  data  for  the  FAR  distribution  of  a  logarithmic 
amplifier  output. 
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TEST  DATA  FOR  LOGARITHMIC  POST-AMPLIFICATION 

This  section  contains  actital  test  data  for  the  FAR  distribution  at  the  output  of  a 
logarithmic  amplifier.  Hie  RF- to- video  bandwidth  ratio  for  all  tests  was  approximately  equal 
to  4. 


The  first  test  was  the  FAR  distribution  with  no  receiver  noise  entering  the  detector.  For 
this  type  of  logarithmic  amplifier,  the  FAR  distribution  is  still  primarily  Gaussian. 
Subsequent  data  points  were  taken  by  increasing  the  amount  of  receiver  noise  entering  the 
detector  (this  was  done  by  increasing  the  amount  of  receiver  gain  and  meddling  the  FAR 
distribution).  In  this  manner,  it  was  easy  to  see  the  FAR  distribution  transition  from  Gaussian 
to  Rayleigh  and  then  to  a  compressed  Rayleigh  distribution.  The  output  voltage  at  which 
compiession  for  the  logarithmic  amplifier  tested  starts  is  approximately  200  mV. 

Figure  39  is  the  FAR  distribution  for  the  case  of  no  receiver  noise  entering  the  detector. 
Compare  this  curve  to  the  Gaussian-noise  source  curves  (Figures  13. 15, 17,  and  19).  Figures  40 
through  43  are  rest  data  for  increasing  amounts  uf  receiver  noise. 


normalized  far  distribution  vs  sigma  ratio 


FIGURE  39.  FAR  Distribution  for  Logarithmic 
Amplifier  Output;  V»u«  ■  33  mV. 
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NORMALIZED  EAR  DISTRIBUTION  VS  SIGMR  RATIO 


FIGURE  4a  FAR  Distribution  for  Logarithmic 
Amplifier  Output:  V»m  *  38  mV. 


NORMALIZED  EAR  DISTRIBUTION  VS  SIGMA  RATIO 


SIGMR  RATIO- THRESHOLD  VOLTRGE-'RMS  NOISE 


FIGURE  4L  FAR  Distribution  for  Logarithmic 
Amplifier  Output;  V»m  *  58  mV. 
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SIGMA  RAT 10- THRESHOLD  VOLTAGE- 'RMS  NOISE 


FIGURE  42.  FAR  Distribution  for  Logarithmic 
Amplifier  Output:  V»w«  »  114  mV. 


NORMALIZED  FRF  DISTRIBUTION  VS  SIGMR  RATIO 


FIGURE  43.  FAR  Distribution  tor  Logarithmic 
Amplifier  Output;  V^u  *  2S6  mV. 
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LOGARITHMIC  POST-AMPLIFICATION  SUMMARY 


The  previous  sections  have  attempted  to  describe  the  noise  characteristics  at  the  video 
output  of  the  logarithmic  amplifier.  It  has  been  shown  that  the  amplitude  and  FAR 
distribution  of  the  noise  can  vary  from  Gaussian  to  Rayleigh  to  a  compressed  distribution  of 
each.  In  summary,  the  actual  distribution  will  be  dependent  on  the  following  parameters: 

1.  The  relative  amounts  of  detected  and  post-detection  noise. 

2.  The  RF-to-video  bandwidth  ratio. 


3.  The  compression  characteristics  of  the  logarithmic  amplifier. 

4.  The  amplitude  of  the  noise  entering  the  logarithmic  amplifier  (this  is  actually  implied 
under  parameter  no.  3). 


Referring  again  to  the  adaptive  signal  threshold  proposed  in  the  introduction  and  in  the 
linear  post-amplification  summary  (see  figure  7),  suppose  we  wanted  to  maintain  a  FAR  of 


lO  14**  Ufith  Irtn'lritlimi/' 
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FAR  at  the  logarithmic  output  of  an  envelope  detector  system? 


Table  3  shows  actual  test  data  of  the  positive  sigma  ratios  necessary  to  maintain  a  FAR 
of  approximately  10  Hz  as  a  function  of  the  video-output  RMS-noise  level.  It  is  interesting  to 
note  that  the  compression  for  high  noise  levels  is  so  great  that  the  10-Hz  sigma  ratio  becomes 
less  than  the  10-Hz  sigma  ratio  for  Gaussian-distributed  noise. 


TABLE  3.  Positive  Sigma  Ratios  of  FAR  =  10  Hz  for 
Various  RMS  Noise  Levels  (Logarithmic  Output). 


RMS  noise  level,  mV 

Value  of  K  for  FAR  =  10  Hz. 

36 

4.70 

38 

5.45 

58 

7.73 

69 

7.65 

81 

7.26 

114 

6.26 

170 

4.96 

256 

4.00 
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Appendix  A 

DETERMINING  VIDEO  BANDWIDTH 


Measuring  the  video  bandwidth  of  the  detector  video-amplifier  chain  is  not  as  simple  as 
one  might  think.  Usually,  the  simplest  method  is  to  input  a  very  fast  rise  time  RF  pulse  (much 
faster  than  the  anticipated  video  bandwidth)  and  then  measure  the  rise  time  at  the  video 
output.  The  video  bandwidth  is  then  given  by 

BWV  =  0.35/tr 

where  tr  is  the  video  output  rise  time  (Reference  5). 

Although  this  is  a  quick  and  simple  method,  it  has  several  limitations:  (1)  slew  rate 
limitations  may  give  inaccurate  results:  (2)  it  is  only  accurate  for  a  single-pole  rolloff  slope; 
(3)  the  constant  coefficient,  0.35,  changes  if  the  post-amplification  is  logarithmic;  and  (4)  this 
method  does  not  show  the  actual  noise-spectrum  amplitude  as  a  function  of  frequency. 

Another  method  can  be  used  if  the  center  frequency  and  the  low  cutoff  frequency  of  the 
bandpass  filter  are  both  much  greater  than  the  anticipated  video  bandwidth.  The  method  is 
illustrated  in  Figure  A-l. 

A  broadband  noise  source  that  is  flat  across  the  frequency  range  of  the  bandpass  filter  is 
first  band-limited  by  the  bandpass  filter  and  then  fed  into  the  detector  input.  Assuming  the 
broadband  noise  source  produces  noise  at  the  video  output  that  is  much  greater  than  the  post¬ 
detection  noise  level,  the  noise  spectrum  at  the  video  output  is  essentially  the  frequency  rolloff 
of  the  detector  video-amplifier  chain.  A  practical  example  is  given  below. 

Consider  an  envelope  detector  system  with  the  following  parameters: 

fc  =  1.0  GHz 

BW*k  “  500  MHz 

Broadband  noise  frequency  range  *  500  to  1500  MHz 
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FIGURE  A-l.  Block  Diagram  of  VidfO-Ekmd  width  Measurement  Method. 


The  anticipated  bandwidth  of  the  detector  video-amplifier  chain  is  approximately 
10  MHz.  To  measure  the  video  bandwidth  accurately,  the  detector  ouiput-noise  spectrum 
should  be  fairly  flat  and  also  be  much  greater  than  the  anticipated  video  bandwidth. 

Figure  A-2  shows  the  detected  noise  spectrum  and  the  approximate  video  bandwidth. 
Note  that  the  detector  output-noise  spectrum  extends  to  approximately  iBWBP.  Since  the 
detected  noise  spectrum  is  essentially  flat  out  to  frequencies  much  greater  than  the  video 
bandwidth,  tb-  noise  spectrum  at  the  video  output  is  essentially  a  plot  of  the  rolbff 
characteristics  of  the  detector  video-amplifier  chain 

Figure  A-3  shows  an  actual  spectrum  analyzer  plot  of  the  output  of  a  detector 
video-amplifier  chain. 


FIGURE  A-2.  Spectrum  of  Detected  RF  Noise  and  Video  Bandwidth. 
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RMFLITUDE  VS.  FREQUENCY 
3DB  r REO-  9  bfc*  MHZ 

RCf-  -32  OHM  R8w-  30COC  HZ  VBN-  3B  HZ 


FIGURE  A-3.  Spcctnim  Analyzer  Display  Showing  Frequency  Response  of 
Deiector  Video-Amplifier  Oiain. 
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Appendix  B 

GAUSSIAN  OR  RAYLEIGH  DISTRIBUTION? 


How  can  one  tell  whether  the  video  output  of  an  envelope  detector  system  contains 
Gaussian-  or  Rayleigh-distributed  noise?  A  very  simple  test  can  be  performed  with  an 
oscilloscope.  The  most  important  difference  between  Gaussian-  and  Rayleigh-distributed 
noise  is  that  Gaussian  noise  has  a  symmetrical  amplitude  distribution  and  Rayleigh  noise  is 
veiy  asymmetrical. 

To  check  the  symmetry  of  the  noise  at  the  video  output,  the  following  steps  should  be 
carried  out: 

1.  Set  the  oscilloscope  trigger  to  trigger  off  the  noise  itself. 

2.  Set  the  triggering  slope  to  positive. 

3.  Adjust  the  time/division  and  triggering  level  to  obtain  a  trace  that  is  just  barely 
triggering  the  sweep  and  a  positive-going  noise  “pulse”  that  is  displayed  on  the  screen  (see 
Figure  B-l).  Measure  the  approximate  amplitude  of  the  noise  pulse. 

4.  Set  the  triggering  slope  to  negative  and  repeat  step  3  to  obtain  a  negative-going  pulse. 
Measure  the  approximate  amplitude  of  the  noise  pulse. 

5.  Calculate  the  ratio  of  the  positive-to-negative  noise  pulses. 

The  ratio  of  the  positive-noise  pulse  amplitude  to  the  negative-noise  pulse  amplitude 
gives  an  indication  as  to  the  type  of  amplitude  distribution  of  the  video  output  noise.  If  the 
ratio  is  approximately  1,  then  the  noise  is  probably  Gaussian  in  nature.  If  the  ratio  is  greater 
than  1J5  to  2.0,  then  the  noise  is  Rayleigh-distributed.  The  greater  the  ratio,  the  more  Rayleigh- 
distributed  the  noise. 

Figures  B-l  through  B-5  are  oscilloscope  photos  of  Gaussian-  and  Rayleigh-distributed 
noise  obtained  using  the  above  technique.  Figures  B-6  and  B-7  are  oscilloscope  displays  of 
each  type  of  noise  that  show  that  even  without  using  this  technique  a  visual  difference  is 
evident. 
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FIGURE  B-l.  Oscilloscope  Display  of  a  Noise  Pulse. 


FIGURE  B-2.  Positive-Going  Noise  Pulse  of 
Gaussian-Distributed  Noise. 
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FIGURE  B-3.  P<xitive-Going  Noise  Pulse  of 
Gaussian-Distributed  Noise. 
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FIGURE  B-4.  Negative-Going  Noise  Pulse  of 
Rayleigh-Distributed  Noise. 
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FIGURE  B-5.  Positive-Going  Noise  Pulse  of 
Rayleigh-Distributed  Noise. 


FIGURE  B-6.  Rayleigh-Distributed  Noise. 
Scale  is  1  V/division,  200  ns/division. 
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FIGURE  B-7.  Gaussian-Distributed  Noise. 
Scale  is  500  mV/division,  100  ns/division. 
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